Concerns for atmospheric pollution from auto exhaust have led to the blending of "oxygenates" with motor fuels. The most common oxygenate, methyl tert-butyl ether (MTBE) is currently required within several metropolitan areas (Denver and Phoenix) in the range of 12% of the motor fuel. Amendments to the Clean Air Act may expand this requirement to as many as 44 other areas of the United States in the near future. In consideration of the magnitude of potential uncontrolled exposures from its extensive use and a related concern involving the potential influence of MTBE blending on exposures to other constituents of gasoline (particularly benzene), an evaluation of exposures among service station attendants and operators was undertaken at the request, and in cooperation with, the American Petroleum Institute during the latter part of 1990. For application ofthe survey results to a broad audience, three categories or types of service stations were identified with regard to MTBE use and exposure potential: a) service stations that do not use MTBE or use it only as an octane enhancer, b) service stations with seasonal requirements to use 12-15% MTBE (the Denver, Colorado, and Phoenix, Arizona, metropolitan areas), and c) service stations equipped with stage II (active) vapor recovery systems (several coastal areas, most notably Southern California). At the two sampled service stations that use only minimal amounts of MTBE (less than 1%), only 1 of 32 personal breathing zone (PBZ) samples from attendants was above the analytical limit of detection, reported at 0.16 ppm. The geometric mean concentration of benzene among this same population (n = 32) was 0.04 ppm. At the two sampled stations with requirements to use oxygenated fuel, geometric mean MTBE and benzene concentrations were 0.30 and 0.04 ppm, respectively (n = 41). At the two stations equipped with stage II vapor recovery, 16 of 48 PBZ samples for MTBE were detectable, with a geometric mean concentration of 0.09 ppm. The geometric mean benzene concentration at these facilities was 0.06 ppm (n = 48).
Introduction
Concerns about atmospheric pollution caused by auto exhaust have led to the blending of "oxygenates" with motor fuels to reduce carbon monoxide emissions. The most common oxygenate, methyl tert-butyl ether (MTBE), is required within several metropolitan areas at levels of approximately 12% of the motor fuel. Amendments to the Clean Air Act may expand this requirement to as many as 44 U.S. metropolitan areas (1) . Because 
Sampling and Analytical Techniques
Environmental air samples for MTBE and benzene were collected on a primary tube containing 400 mg of activated charcoal followed by a backup tube containing 200 mg of charcoal. The sampling media were attached to the lapel of the worker in the area of their breathing zone. The samples were connected via flexible tubing to batteryoperated pumps calibrated at flow rates of 0.1-0.5 L/min. Individual samples were collected for approximately 4 hr or two per 8-hr shift.
The charcoal tubes were analyzed by gas chromatography/flame ionization detection according to NIOSH Method 1615 (4) . The analytical limit of detection (LOD) for MTBE ranged from 0.01 to 0.02 mg/sample and 0.002 to 0.03 mg/sample for benzene. This is equivalent to an LOD of approximately 0.03-0.25 ppm for MTBE and 0.01-0.40 ppm for benzene, depending on the sampled volume of air and the LOD at the particular analytical setting (4).
Other Measured Parameters
Several variables were measured during the environmental sample collection. These included: a) the liquid volume percent (LV%) of the target compounds in the gasoline, b) the amount of time the attendant spent in the vicinity of the refueled vehicles, c) the number and size of spills occurring during the shift, and d) climatic conditions including wind speed, temperature, and relative humidity.
Bulk samples ofthe various grades offuel were collected at the initiation of the site visit and several hours after each bulk fuel delivery (collection delayed to allow for mixing). Bulk analysis was similar to that of the charcoal tubes, except that samples were diluted and analyzed directly using gas chromatography/flame ionization detection according to NIOSH Method 1615. Weighted average LV% values were calculated for MTBE and benzene for each environmental sample by recording the amount of each grade of fuel dispensed by the attendant during the sample period. Also recorded was the amount of each grade of fuel dispensed at the entire station during the sample period.
The amount of time spent in the vicinity of the vehicle during refueling and the time actually spent at the nozzle was recorded during each sample period. If a spill occurred during refueling, its size was estimated (diameter) and recorded. A portable weather station was used to measure wind speed at each location. Measurements were logged on a strip chart recorder and averaged over the duration of the sampling shifts. Temperature and relative humidity were measured using a battery-operated psychrometer.
Results
Twenty-seven gasoline samples collected from the Cincinnati-area service stations revealed an average MTBE content ranging from 0.03 to 0.13 LV% with an average benzene content ranging from 0.39 to 0.86 LV% (average of nine sets ofbulk samples with each set consisting of a sample from each grade of fuel; Table 1 ). The highest levels of MTBE and benzene were from a regular grade of gasoline, at 0.18 and 1.60 LV%, respectively. As expected, the average MTBE content of the gasoline samples collected in the Phoenix area was much higher (n = 15), ranging from 12.4 to 13.2% (highest MTBE level from a super-grade sample at 14 LV%). The average benzene content of these samples ranged from 1.18 to 1.63 LV% (highest at 1.9 LV%; regular and premium grades). Unexpectedly, the MTBE content of the premium-grade bulk samples collected from the Los Angeles area was as The Persian Gulf crisis had a major impact on the work practice parameters of the study. During the fall of 1990, fuel prices were increasing dramatically due to supply limitations imposed by the Gulf Crisis. Full-service prices tended to reflect this upward trend at an even higher rate. Because of this, even traditional full-service customers tended to purchase self-service fuel. Therefore, the work practice data (i.e., number ofrefuelings during a work shift and amount of fuel pumped), probably does not reflect the conditions typical of a stable fuel market. The exception was one station in Cincinnati that voluntarily furnished full-service refueling at self-service prices. This exception is reflected in the percent nozzle time values (percentage of shift spent pumping fuel) for the Cincinnati area as compared to the other two areas. At the Cincinnati stations, the average percentage of time during the sampling period actually pumping fuel was 11% (range 0.2-34%), while in Phoenix this value was 3.4% (range 0.3-24%) and in Los Angeles was 2.7% (range 0.1-6.9%). The average amount of fuel pumped during the sampling periods also was higher in Cincinnati, at 159 gallons, as compared to Phoenix (63 gallons) and Los Angeles (94 gallons).
Because ofits potential influence on overall exposures to the fuel components, the number and size of fuel spills were recorded. Following are the results of these observations: Cincinnati averaged 1.9 spills at 3-in. diameter/sampling period, Phoenix averaged 0.9 spills at 4.5-in. diameter, and Los Angeles averaged 0.3 spills at 1.9-in. diameter.
MTBE and benzene exposure variations by location are depicted in Tables 2-4 . Only one of 32 samples for MTBE collected in Cincinnati was above the analytical limit of detection at 0.16 ppm. This is indicative of the small amount of MTBE in this area's fuel (0-0.18 LV%). In Phoenix, where the MTBE content averaged 12.5-13 LV%, exposures averaged 0.30 ppm (geometric mean), ranging from 0.04 to 3.88 ppm (Table 3 ; range and geometric mean of 40 samples above the analytical limit of detection of 41 total samples collected). The Los Angeles (vapor recovery) MTBE exposures ranged from 0.02 to 0.73 ppm, averaging 0.14 ppm (Table 4 ; n = 15 detectable of 48 samples). As expected, the higher MTBE exposures were correlated with the service station distributing the premium-grade fuel containing 11 LV% MTBE.
Benzene exposures at the Cincinnati stations averaged 0.03 ppm, ranging from 0.01 to 0.29 ppm (n = 28 detect- 
Conclusions
This study indicates that average occupational exposures to MTBE among service station attendants appear to be well below 1 ppm, even in areas with requirements for use of at least 12% MTBE in motor fuels. The geometric mean exposure determined from 41 samples collected in the Phoenix area was 0.3 ppm MTBE. Benzene exposure patterns appear to be similar to those previously determined by NIOSH in the 1970s (below 0.1 ppm). The average geometric mean exposures for Cincinnati, Phoenix, and Los Angeles were 0.03, 0.05, and 0.06 ppm, respectively. Preliminary statistical analysis of this data indicates that addition of as much as 13% MTBE does not have a significant effect on benzene exposures.
It is interesting to note that of the three regions studied, average benzene exposures at service stations equipped with vapor recovery systems were equivalent to exposures measured at the other stations. Preliminary statistical analyses indicates that even if the other work practice and site-specific variables are controlled (i.e., amount of fuel pumped, amount of benzene in the fuel, etc.) vapor recovery has no significant effect on reducing exposures to benzene among the attendants.
We are currently analyzing the data for significant relationships between exposures to MTBE and benzene and work practice, site-specific, and climatic parameters. This analysis will enable us to construct predictive models of exposure given a set of known variables (MTBE/ benzene content, work practices, etc.), thus allowing more meaningful recommendations toward reducing exposures.
